IMPORTANCE Radiation dermatitis is common and often treated with topical therapy. Patients are typically advised to avoid topical agents for several hours before daily radiotherapy (RT) out of concern that topical agents might increase the radiation dose to the skin. With modern RT's improved skin-sparing properties, this recommendation may be irrelevant.
U p to 90% of patients undergoing radiotherapy (RT) will experience acute radiation dermatitis, 1 
with Common
Terminology Criteria for Adverse Events (CTCAE), version 4.0 grade 2 or higher dermatitis reported in 40% of patients undergoing whole-breast radiotherapy, 2 64% of patients undergoing concurrent chemoradiotherapy for head and neck cancer, and 73% undergoing concurrent chemoradiotherapy for anal cancer. 3, 4 Although most patients experience mild to moderate dermatitis, some experience significant discomfort, pruritus, and infections. 1 Topical agents are frequently used several times daily to ameliorate this condition, including creams, such as silver sulfadiazine, that contain heavy metals. Most patients undergoing daily RT to the breast, head and neck, cervix, anus, or extremities use topical agents. Patients are typically advised to avoid use of topical agents for several hours before RT based on the concern that these topical agents may increase the radiation dose to the skin. 1 This recommendation came into widespread practice during the era of orthovoltage radiation, which lasted until the early 1950s. Orthovoltage radiation uses lower-energy photons that deliver a significantly higher dose to the skin than the modern linear accelerator.
In the era of modern RT with improved sparing of dose to the skin, the typical recommendation to avoid applying topical agents before RT, although still popular, may no longer be relevant. We hypothesized that the application of either metallic or nonmetallic topical agents before RT would have minimal effect on dose to the skin. In this study, we assessed current practices regarding use of topical agents before RT by conducting online surveys of both radiation oncology patients and clinicians. We performed dosimetric experiments to measure dose at given depths in a tissue-equivalent phantom by using different topical agents, different incident beam angles, and different beam energy levels to assess the association of topical agent use with dose to the skin. Last, we performed preclinical experiments to assess the association of topical agent use with dose to the skin in C57BL/6 mice by using phosphorylated histone (γ-H2AX) immunofluorescent staining to detect radiation-induced DNA damage and a terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) assay to test for radiation-induced apoptosis.
Methods

Online Survey
We conducted anonymous online surveys of patients and clinicians posted on OncoLink (https://www.OncoLink.org)to determine current practices regarding topical therapy use (eMethods 2 in the Supplement). 5 OncoLink is a nonprofit educational website providing free cancer information to patients and clinicians. Patients completed a 24-question survey about skin care and radiotherapy. Clinicians completed a separate 18-question survey. Responses were collected between January 15, 2015, and March 15, 2017. Responders were not compensated for their participation. Differences in responses with respect to baseline characteristics were assessed using χ 2 and Mann-Whitney tests, and 2-sided P < .05 was considered significant. The University of Pennsylvania institutional review board approved this study and granted a waiver of written informed consent from participants.
Dosimetric Experiments
To evaluate the dosimetric effect of topical agents, we delivered 200 monitor units at a 100-cm surface-to-skin distance to a 10 × 10-cm field using a TrueBeam linear accelerator (Varian). We measured the dose at the surface and at a depth of 2 cm in a tissueequivalent phantom with and without application of 2 commonly used topical agents for radiation dermatitis, a petroleum-based ointment (petrolatum, 41% [Aquaphor; Beiersdorf AG]), which is available over the counter, and silver sulfadiazine cream, 1%, which is available by prescription only, using optically stimulated luminescent dosimeters (OSLDs) (NanoDot; Landauer) (eImage in the Supplement). We assessed the association of various photon and electron energy levels (6 megavolts [MV], 15 MV, 6 million electron volts [MeV] , and 9 MeV), topical agent thicknesses (moderate or very thick), and beam angles (0°, 15°, 30°, 45°, and 60°) with dose to the skin. Experiments were conducted using a relatively thick (1-to 2-mm) application of each topical agent as well as a thicker layer (≥3 mm). The 1-to 2-mm thickness was based on measurements of the thickness of the petroleum-based ointment used by 20 patients with breast or head and neck cancer with CTCAE grade 2 or higher dermatitis, with no patients applying a thickness greater than 2 mm. Patients were shown an ointment thickness of 3 mm; all denied applying 3 mm or more of the ointment. The 3-mm or greater thickness was therefore chosen to represent an extreme scenario not encountered in the clinic of applying a very thick layer of topical treatments immediately before RT.
Preclinical Experiments
The association of topical agent use with radiation dose to the skin was also evaluated in C57BL/6 mice by using γ-H2AX immunofluorescent staining to detect radiation-induced DNA damage and TUNEL staining to assess radiation-induced apoptotic cell death. Twenty-four 8-week-old female C57BL/6 mice (The Jackson Laboratory) were housed in the animal facilities of the University of Pennsylvania. All experimental procedures were conducted in accordance with the guidelines and protocols approved by the
Key Points
Question Do topical agents applied just before radiotherapy alter the surface dose?
Findings Surveys of 241 clinicians and patients found that avoiding topical agents prior to radiation treatments was widespread. In this dosimetric and preclinical study, there was no difference in the measured radiation dose at the skin surface with or without a 1-to 2-mm-thick layer of metallic or nonmetallic topical agents regardless of beam energy or beam incidence, although very thickly applied topical agents increased the surface dose; irradiated skin in mice showed no differences in phosphorylated histone H2AX-positive foci or in terminal deoxynucleotidyl transferase dUTP nick end labeling (TUNEL) staining with or without topical agents of varying thickness.
Meaning Use of topical agents just before radiotherapy may be safely liberalized, although it appears that very thick applications of topical treatments just before radiotherapy should be avoided.
University of Pennsylvania Institutional Animal Care and Use Committee. Mice were anesthetized using ketamine hydrochloride and xylazine and then the hair of the dorsal thorax/abdomen was shaved (eFigure 1 in the Supplement). A grid pattern consisting of four 0.5 × 0.5-in squares was drawn on each mouse. A moderate (50-mg) application of a petroleum-based ointment (petrolatum, 41% [Aquaphor; Beiersdorf AG]) was applied to the upper right square and a heavy (200-mg) application to the lower left square. The amount of ointment applied was determined to replicate the thickness of the ointments used in the dosimetric studies. The remaining 2 squares had no ointment and served as internal controls. Mice were then focally irradiated using an animal irradiator (XRAD 320 ix; Precision X-ray), with lead shielding to protect the head and distal hindquarters (eMethods 1 in the Supplement). Optically stimulated luminescent dosimeters were used to confirm that the delivered dose matched the prescription dose. Mice were treated with either 2 Gy ×1 or 15 Gy ×1, with 3 mice in each treatment group (to convert gray to rad, multiply by 100). Another group of 3 mice served as unirradiated controls. Skin tissue was harvested from each of the four 0.5 × 0.5-in quadrants, embedded in optimal cutting temperature molds, and stored at −80°C for further processing (eFigure 1 in the Supplement). Experiments were repeated with tissue harvested at different intervals after RT. Sections were cut and stained for γ-H2AX to detect radiation-induced double-stranded DNA breaks and with TUNEL assay to detect apoptotic cells (eMethods 1 in the Supplement). [6] [7] [8] [9] Quantification of γ-H2AX and TUNEL-positive cells in immunofluorescent images was performed using ImageJ software (National Institutes of Health). Quantification of γ-H2AX-positive foci per cell was performed for the 2 Gy ×1 experiments, and quantification of γ-H2AX-positive cells per 10× field was performed for the 15 Gy ×1 experiments. RT indicates radiotherapy. To convert gray to rad, multiply by 100.
Research Original Investigation
Assessing the Validity of Clinician Advice on Topical Agent Use Before Radiotherapy
Results
Survey Results
Two hundred forty-one respondents completed the survey, 133 patients and 108 clinicians. Among the 133 patients, the median (range) age was 60 (18-86) years, 117 (87.9%) were female, and 114 (85.7%) were white (Table) . Of these, 111 (83.4%) reported that they were advised to avoid applying topical agents just before RT, 98 (73.7%) were advised to avoid applying topical agents for several hours before RT, and 72 (54.1%) were advised to wipe off any residual topical agents before RT. Among the 124 patients (93.2%) for whom topical therapy was recommended, 105 (84.7%) were advised to avoid applying topical agents right before RT, 93 (75.0%) were advised to avoid topical agents for several hours before RT, and 68 (54.8%) were told to wipe off any residual topicals before RT. Eighty-three of the total 133 patients (62.4%) reported "moderate" or "severe" skin erythema during RT. Of those 83, 74 (89.1%) were advised to avoid applying topical agents just before RT, 65 (78.3%) were told to avoid topical application for several hours before RT, and 44 (53.0%) were instructed to remove excess topical agents before RT. Most respondents had breast cancer. There was no difference in patient response regarding topical agent recommendations based on cancer diagnosis, sex, educational level, treatment setting (academic vs private practice), primary clinician managing their dermatitis (physician vs nurse), time since completion of RT, and degree of skin peeling or erythema. Ninety-two patients with breast cancer completed the survey, with 87 (94.6%) of these patients having breast cancer as their only diagnosis. Results for these 87 patients were similar to those for the entire cohort. Seventy-four patients (85.0%) were advised to avoid applying topical agents just before RT, 66 (75.8%) were advised to avoid topical agents for several hours before RT, and 49 (56.3%) were advised to wipe off residual topical agents before RT. Fifty patients (57.5%) reported moderate or severe skin erythema and 37 (42.5%) reported skin peeling. There was no difference in patient response based on educational level, treatment setting (academic vs private practice), primary clinician (physician vs nurse), time since completion of RT, or degree of skin peeling or erythema.
One hundred five of 108 clinicians (97.2%) reported that they are directly involved in managing radiation dermatitis and were included in the analysis. Of these, 52 (49.5%) were physicians and 53 (50.5%) were nurses. Ninety-six (91.4%) reported that they advise their patients to avoid applying topical agents just before or within a few hours of RT. Reasons cited were bolus effect by 81 (84.3%) and routine clinical practice by 57 (59.3%). Ninety-eight clinicians (93.3%) advised their patients to avoid applying metalcontaining creams just before or several hours before RT. Reasons cited included concern about electron scatter from metals by 69 (70.4%), bolus effect by 59 (60.0%), and routine clinical practice by 50 (51.0%). There were no significant differences in responses based on academic vs private practice or physicians vs nurses.
Dosimetric Results
Measurements showed no difference in dose at the surface or 2-cm depth with or without a relatively thick 1-to 2-mm application of either topical agent when using en face 6-or 15-MV photons. Similarly, there was no association with increased surface dose with 1-to 2-mm applications of either topical agent at various beam angles except for a 6% increase at an incident angle of 60°observed only with the silver sulfadiazine cream, 1% (1.20 Gy with silver sulfadiazine cream vs 1.13 Gy without topical agents). When a thicker (≥3-mm) layer of either topical was applied, a bolus effect was observed with increased skin dose. For en face 6-MV beams, the surface dose was 1.05 Gy with a thick layer of the petroleum-based ointment and 1.02 Gy for silver sulfadiazine cream compared with 0.88 Gy without topicals. For en face 15-MV beams and a layer of cream 3 mm or greater, the surface doses were 0.70 Gy for petroleum-based ointment, 0.60 Gy for silver sulfadiazine cream, and 0.52 Gy without topicals. Even with a thick (≥3-mm) layer of either topical agent, there was only a 2% to 5% increase in the surface dose with en face 6-or 9-MeV electrons. With en face 6-MeV electrons, the surface doses were 1.57 Gy for a thick layer of petroleum-based ointment, 1.52 Gy for silver sulfadiazine, and 1.49 Gy without topicals. With en face 9-MeV electrons, the surface doses were 1.63 Gy for a thick layer of petroleum-based ointment, 1.64 Gy for silver sulfadiazine, and 1.59 Gy without topicals. No differences in dose were observed at 2-cm depth with or without topical agents regardless of the topical agent type, applied thickness of the topical agent, or beam energy.
Preclinical Results
Irradiated skin in C57BL/6 mice showed no difference in γ-H2AX-positive foci (or intensity) with or without petroleum-based ointment when 2 Gy ×1 or 15 Gy ×1 were administered. Thickness of the ointment application also did not alter the γ-H2AX staining. eFigure 2 in the Supplement shows representative images from the γ-H2AX staining from frozen sections from the unirradiated control mice (n = 3) compared with skin sections from mice irradiated to 2 Gy (n = 3) with or without petroleum-based ointment of varying thickness (50 mg vs 200 mg). Each irradiated mouse served as its own control. There was a significant increase in mean (SEM) γ-H2AX-positive foci in the skin of irradiated mice vs unirradiated mice: 46.3 (4.8) vs 3 (0.03), P < .001 (Figure 1) . There was no difference in the quantification of γ-H2AX-positive foci with or without ointment of varying thickness when 2 Gy of radiation was administered. Quantification of γ-H2AX was 46.8 (3.1) for the thick application of ointment, 45.7 (4.1) for the moderate application of ointment, and 46.3 (4.8) for irradiated controls without any ointment (P = .67) (Figure 1) . No difference in levels of apoptosis was shown by the TUNEL assay for the mice irradiated to 2 Gy in the presence or absence of creams of varying thickness.
To determine if these findings would be replicated in the setting of a much higher biologically equivalent dose (eg, hypofractionated treatment or conventionally fractionated treatment delivered across many days), we repeated the experiment irradiating mice (n = 3) to 15 Gy ×1 in the presence or absence of petroleumbased ointment of varying thickness (50 mg vs 200 mg) and found that there was no significant difference in mean (SEM) for γ-H2AX-positive stained cells at either 8 hours or 24 hours after RT (Figure 2 and eFigure 3 in the Supplement). Quantification of γ-H2AX staining at 8 hours was 116.7 (13.8) for the thicker application of ointment, 101 (10.5) for the moderate application of ointment, and 102 (8.9) without ointment (P = .2). At 24 hours, γ-H2AX staining was 33.8 (2.2), 30.3 (3.5), and 29.3 (2.3), respectively (P = .56). There was no difference in positively stained TUNEL cells at 8 and 24 hours after RT (Figure 3 andeFigure4intheSupplement) . At 8 hours after RT, quantification of TUNEL staining was 127 (26.6) for the thicker application of ointment, 112 (7) for the moderate application of ointment, and 118 (10.3) without ointment (P = .89). After 24 hours, quantification of TUNEL staining was 86.7 (4.3), 85 (3.5), and 80.8 (5.5), respectively (P =.72).
Discussion
There are limited data on the dosimetric effect of topical agents on the skin surface dose of patients receiving RT. The literature has focused on the effect of antiperspirants for patients undergoing breast RT, with 2 dosimetric studies showing no difference in surface dose with antiperspirants 5, 10 and several clinical trials showing no increased toxic effects with their use. 11, 12 To our knowledge, the present study is the first dosimetric assessment of whether commonly used creams and ointments alter surface dose. It is somewhat surprising that there have been no studies assessing dose alterations resulting from cream or ointment use because this is an issue that affects not only patients with breast cancer but also most patients undergoing radiotherapy. The results of this analysis therefore have the potential to influence care for patients undergoing RT across a range of disease sites.
Our survey results indicate that patients are still routinely advised to avoid applying topical agents just prior to RT, although modern radiation equipment and techniques are associated with greater skin sparing than the cobalt-60 and orthovoltage machines used in the 1950s through 1980s when the recommendation to avoid applying topical agents before RT became widespread practice.
Results of our dosimetric analysis suggest that thin or moderately thick applications of topical agents, even if applied immediately before RT, only minimally alter the dose to the skin regardless of beam energy or beam angles. Very thick applications of a topical agent just before RT may have a bolus effect with increased surface dose and should be avoided. However, the very thick application used in this study was designed to represent an extreme situation that is very unlikely to occur in the clinic. Because a 0.5-cm tissue-equivalent bolus is frequently applied to the skin to deliberately increase the surface dose for therapeutic purposes, 13 it should not be surprising that a cream thickness of 3 mm or greater would result in a modest increase in surface dose. Our study also found no increase in the surface dose for the metallic vs nonmetallic topical agents. Theoretically, metallic creams might be expected to increase the skin dose owing to electron scatter from the metallic atoms, but our study found no such increase in dose, perhaps because of the very low metallic content in silver sulfadiazine. The dosimetric results were so similar between the petroleum-based ointment and silver sulfadiazine cream that we did not think it necessary to perform preclinical studies on silver sulfadiazine, which is less commonly used clinically.
Studies in mouse models to evaluate the association of topical agent use on skin dose by using γ-H2AX and TUNEL staining similarly demonstrated no significant difference in radiationinduced DNA damage or apoptosis in the skin with or without petroleum-based ointment after 2 Gy ×1. We also tested the use of a much higher dose (15 Gy ×1) to simulate the biological outcomes after a course of fractionated radiotherapy or a large hypofractionated treatment as is used for stereotactic body radiotherapy. Immunofluorescent analysis of the mice treated to 15 Gy showed no difference in the surface dose in the presence or absence of ointments of varying thickness whether assessed using γ-H2AX or TUNEL staining.
The preclinical results recapitulated the results observed in the dosimetric studies: there was no increase in the surface dose with or without a moderately thick application of ointment. This is noteworthy because the mice were irradiated with kilovoltage RT, which has less skin-sparing than the megavoltage beams used in modern clinical practice and in our dosimetry studies. The preclinical studies did not confirm the findings that very thick applications of ointment alter the surface dose. We suspect that OSLD measurements are more accurate as an assessment of surface dose than γ-H2AX and TUNEL assays, but slight differences in surface dose may not be clinically meaningful.
The results of this multidisciplinary study suggest that the current practice of advising patients to avoid applying topical agents for several hours before RT does not rest on sound science, with the possible exception of patients who apply very copious amounts of topical agents immediately before treatment. We suggest that patients be advised that applying thin or moderate amounts of a topical agent, even right before RT, is acceptable and unlikely to increase toxic effects to the skin. Allowing patients to apply topical agents regardless of the timing with respect to RT will simplify patient instructions and reduce patient confusion and anxiety because many patients are concerned that having any residual topicals on their skin at the time of RT will increase toxic effects to the skin. In our experience, these patients often underuse emollients or exacerbate their dermatitis by mechanical irritation of the skin to remove residual topicals before RT. Of the 133 patients surveyed, 72 (54.1%) were told to wipe away excess topical agents before RT; this practice appears to be relatively common and likely to cause discomfort for many patients. Allowing patients to apply topical agents as needed without restrictions on the timing of application is likely to improve patient quality of life.
Limitations
The study has several limitations. The size of the survey population (n = 241) is relatively modest; however, we believe the survey results are reasonably representative of current practice. More than 100 clinicians, who presumably offer their advice to many patients, participated, and the responses of patients and clinicians with respect to avoiding topical agents before RT were virtually identical. The study does not report on toxic effects to the skin in the presence or absence of topical agents during a course of RT. Instead, we report the surrogate end points of surface dose assessed using phantoms and dosimeters and the degree of radiation-induced DNA double-strand breaks and cellular apoptosis in the skin of mice irradiated in the presence and absence of topical agents. Although a clinical trial would be the criterion standard, such a trial would rely on more subjective end points and may not be able to detect a small but potentially meaningful difference in toxic effects. Like the randomized clinical trials assessing antiperspirant use during breast RT, a trial of skin creams would be limited by inherent difficulties in assessing skin toxic effects by using the overly broad CTCAE system. 5 Grade 2 dermatitis is so broadly defined that it could mask potentially meaningful differences by grouping together asymptomatic patients with moderate erythema and patients experiencing significant pain and pruritus from severe erythema and focal moist desquamation. This grading system is acknowledged to be a major limitation in trials assessing dermatitis. 14, 15 We believe that the quantitative dosimetric and preclinical assessments are compelling enough that a clinical trial may not be necessary to inform practice. Other limitations include limits in OSLD accuracy in measuring surface dose. The study also does not directly quantify the effect of electron scatter caused by silver in silver sulfadiazine, although the effect is likely very modest given the dosimetric results.
Conclusions
To our knowledge, this is the first dosimetric and preclinical assessment of the association of topical therapy use with radiation dose to the skin. Our findings suggest that thin or moderately applied topical agents, even if applied immediately before RT, have minimal ability to alter the skin dose regardless of the beam energy or beam incidence. Applying very thick amounts of a topical agent just before RT increased the surface dose and should be avoided.
eMethods 1. Dosimetric and Preclinical Radiation Technique and Staining
Preclinical radiation technique
Mice were focally irradiated (320kV, 12.5mA, 50cm SSD, 0.85Gy/min with Al/Cu/Sn filtration) using the XRAD 320ix X-ray animal irradiator (Precision X-ray, North Branford, CT) with lead shielding to protect the head and distal hindquarters. Calibration of the device was performed using the TG61 protocol. 1 
-H2AX immunofluorescence
Five-to-seven micrometer-thick cross sections of the skin were used for immunodetection of various proteins and markers. OCT embedded samples were analyzed for DNA double strand breaks using a procedure modified from a method reported by Tang et al. 2 Sections were fixed with 2% (w/v) paraformaldehyde (PFA) in phosphate-buffered saline (PBS) for twenty minutes. Sections were washed twice in PBS for fifteen minutes each, treated with 70% ethanol at -20°C, before being washed three more times in PBS for ten minutes each. Next sections were blocked in 8% bovine serum albumin (BSA) in PBS containing 0.5% Tween-20 and 0.1% Triton X-100 (PBS-TT) for one hour at room temperature in a humidified staining trough. Sections were washed with PBS-TT for five minutes before the buffer was tipped off. Then 100 microliters of the directly FITC conjugated anti-phospho-Histone H2AX (Ser139) antibody (Millipore, clone JBW301, 16-202A, Billerica, MA) diluted 1:500 in 1% BSA in PBS-TT were added to each section. Slides were then incubated for two hours at room temperature in a humidified staining trough. Sections were washed three times with PBS-TT for five minutes each then counterstained with 100 microliters of 5 g/ml of Hoechst (Molecular Probes, 33342, Eugene, OR) for 30 minutes, washed in PBS-TT, and mounted in Vectashield medium (Vector Laboratories H-1000, Burlingame, CA).
TUNEL immunofluorescence
Apoptosis was detected with the In Situ Cell Death Detection Kit, Fluorescein (Roche 11684795910, Pleasanton, CA) using the TdT mediated dUTP nick end labeling (TUNEL) method. OCT embedded tissue sections were fixed in 4% (w/v) PFA for twenty minutes at room temperature then washed in PBS for thirty minutes. Next, sections were incubated in 0.1% Triton X-100, 0.1% Sodium Citrate in PBS on ice. The TUNEL reaction mixture was then prepared according to the manufacturer's instructions. Slides were rinsed twice in PBS then incubated in the TUNEL reaction mixture in a humidified staining trough for one hour at 37°C. Slides were washed with PBS and incubated with Hoechst for thirty minutes, washed in PBS, then mounted in Vectashield medium. 3 
Statistical Analysis
GraphPad Prism VI was used to analyze preclinical data. Ordinary one-way ANOVA with Tukey's multiple comparisons test was used to determine statistical significance. The alpha value was set at 0.05. Data presented as mean ± SEM (n=3). 
